This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES ,, 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



Searching PAJ http7/www19.ipdl.jpo.go.jp/PA1/result/detail/main/wAAAYQaG3TDA406073530P 

^ f 

PATENT ABSTRACTS OF JAPAN n 

(1 l)Publication number : 06-073530 

(43)Date of publication of application : 15.03.1994 3 ~*\ tytf 

(51)Int.CL C23C 14/16 

C23C 28/02 



rrTrr^rTTTr^rr^^^ ™ - - - • - - - ■ • 

(21) Application number : 03-230749 (71)Applicant : NISSHIN STEEL CO LTD 

(22) Date of filing : 06.06.1991 (72)Inventor : MASAKI KATSUHKO 

YOSIfflTSUGUYASU 



(54) VAPOR DEPOSITION DOUBLE LAYER PLATED STEEL SHEET 

(57)Abstract: 

PURPOSE: To produce a vapor deposition double layer plated steel sheet excellent in corrosion resistance and heat resistance by 
successively f orming a Cr plating layer, an Al-Cr gradient alloy layer, and an Al plating layer on the surface of a steel sheet . 
CONSTITUTION: A Cr plating layer is formed as a primary layer on the surface of a steel sheet, and then, an Al-Cr gradient 
alloy layer in which Al content is gradually increased from the interface with the primary layer toward its surface is formed as a 
secondary layer on the primary layer, and further, an Al plating layer is formed as a third layer on the secondary layer. At this 
time, Al content on the primary-layer side of the Al-Cr gradient alloy layer is regulated to ≤30% and also Al content on the 
third-layer side is regulated to ≥70%. Further, the film thickness of the Cr plating layer and that of the Al-Cr gradient alloy 
layer are regulated to ≥0.05μm respectively, and also that of the Al plating layer is regulated to ≥0.5μm. 
Moreover, the total film thickness is regulated to 0.6-20μm and also the total film thickness of the Cr plating layer and the 
Al-Cr gradient alloy layer is regulated to ≤70% of the total film thickness. By this method, the vapor deposition double layer 
plated steel sheet improved in heat resistance, corrosion resistance, and workability can be obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The vacuum evaporationo double layer plating steel plate characterized by forming Cr plating layer as the 1 st layer, 
forming on it the aluminum-Cr system inclination alloy layer to which aluminum content became high gradually toward the front 
face from an interface with the 1 st layer as the 2nd layer, and forming aluminum plating layer as the 3rd layer on this 2nd layer 
further on the steel plate front face. 

[Claim 2] The vacuum evaporationo double layer plating steel plate according to claim 1 characterized by for aluminum content 
by the side of the 1 st layer of an aluminum-Cr system inclination alloy layer being 30% or less, and aluminum content by the side 
of the 3rd layer being 70% or more. 

[Claim 3] The vacuum evaporationo double layer plating steel plate according to claim 1 or 2 characterized by for the thickness of 
layer [ 3rd ] aluminum plating layer being [ for both the thickness of Cr plating layer of the 1 st layer and the duminum-Ti system 
inclination alloy layer of the 2nd layer ] 0.5 micrometers or more in 0.05 micrometers or more, and all thickness being 0.6-20 
micrometers. 

[Claim 4] A vacuum evaporationo double layer plating steel plate given in either the claim 1 characterized by the sum total 
thickness of Cr plating layer of the 1 st layer and the aluminum-Cr system inclination alloy layer of the 2nd layer being 70% or less 
of all thickness, or the 3rd term. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the vacuum evaporationo double layer plating steel plate excellent in the 
corrosion resistance, the thermal resistance, and the processability from which the plating layer has a three-tiered structure. 
[0002] 

[Description of the Prior Art] Although aluminum plating steel plate is used so much conventionally, this general thing is the 
monolayer plating steel plate which galvanized direct aluminum by the hot-dipping method to the steel plate, if the thickness of a 
plating layer is a thing 8 micrometers or more, since this aluminum plating steel plate is excellent in corrosion resistance and 
thermal resistance - the former - a automobile exhaust system member, a burning-appliance member, and a home device — it is 
widely used for the member etc. However, in order to reduce the manufacturing cost of a member recently depending on a use, the 
thing of thin plating is required or expansion of use even for the use influenced of salt damage corrosion is considered. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if aluminum plating steel plate is used in the environment where halogen 
ion which receives salt damage corrosion exists, since the surface oxide skin which has corrosion resistance will be dissolved, the 
white rust which makes aluminum (OH)3 a principal component occurs on a front face, or pitting which reaches a base steel plate 
occurs. 

[0004] Then, although thickness of a plating layer is thickened with about 40 micrometers and it was made for pitting not to reach 
a base steel plate for a short time when using it for the use which receives salt damage, when plating was thickened in this way, 
there was a problem of becoming expensive. Moreover, although chemical conversions, such as chromate treatment which is the 
general after treatment of a plating steel plate, have been performed to the plating layer front face, this effect is temporary and 
does not improve corrosion resistance in essence. 

[0005] Although development of the aluminum-Fe alloy layer in which the processability which a plating layer is made to usually 
contain Si 8 to 12%, and is generated to the interface of a base steel plate and a plating layer is inferior is suppressed in the 
melting aluminum plating steel plate In this case, if a base steel plate is low carbon rimmed steel and aluminum killed steel which 
are generally used conventionally If priority oxidization of the interface of a plating layer and a base steel plate is carried out and it 
heats at 700 degrees C or more when it heats at 600 degrees C or more, a plating layer alloys, and it may exfoliate and it cannot 
necessarily be said that it is enough in respect of thermal resistance. Although it will be improved as a base steel plate if low 
carbon-Ti addition steel and super-low carbon-0.2Ti addition steel are used, and it is equal to repeat heating of 650 degrees C or 
more, compared with aluminum killed steel etc., a product price becomes comparatively high-priced and this heat-resistant 
problem does not have it, if such Ti addition steel is used. [ desirable ] Moreover, even if it uses Ti addition steel for a base steel 
plate, sufficient processability is not acquired in order that an aluminum-Fe- Si alloy layer weak against the interface of a base 
steel plate and a plating layer may generate. 

[0006] On the other hand, although aluminum plating steel plate which an aluminum-Fe alloy layer does not generate to the 
interface of a base steel plate and a plating layer can be manufactured according to the electric aluminum galvanizing method and 
the usual vacuum deposition aluminum galvanizing method by the nonaqueous solution, if it heats to an elevated temperature, 
since aluminum of a plating layer will be spread in a base steel plate and a base steel plate will oxidize, thermal resistance is 
inferior in what was manufactured by such method. Moreover, since the pinhole which reaches even a base steel plate exists in a 
plating layer, under a severe corrosive environment, a problem is in corrosion resistance. 

[0007] As mentioned above, the conventional aluminum plating steel plate was not what it can not necessarily be satisfied [ with a 
point ] of in respect of corrosion resistance, thermal resistance, and processability. Then, this invention offers the vacuum 
evaporationo double layer plating steel plate which has improved these properties. 
[0008] 

[Means for Solving the Problem] It considered as the vacuum evaporationo [ by which the aluminum-Cr inclination alloy layer as 
for which, as for this invention, Cr plating layer was formed in the steel plate front face as the 1 st layer, and aluminum content 
became gradually high toward an interface with the 1 st layer to the front face as the 2nd layer on it is formed, and aluminum 
plating layer is further formed as the 3rd layer on this 2nd layer ] double layer plating steel plate. 
[0009] 

[Function] In order to improve the corrosion resistance of aluminum plating steel plate, thermal resistance, and processability, 
while abolishing the galvanic current produced between a plating layer and a base steel plate and suppressing bottle hole 
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generating in a plating layer, it is an indispensable condition to make it an aluminum-Fe alloy layer not generate on both 
boundary. 

[0010] That is, if this pitting reaches a base steel plate, a local battery will be formed between a base steel plate and a plating 
layer, galvanic current will flow in the meantime, and although it is pitting, the corrosion of aluminum plating steel plate will be 
produced, when a plating layer becomes ** in potential and dissolves preferentially. Since this galvanic current is quite large, in a 
plating layer, the local dissolution will arise quickly, and the dissolution will be expanded even to the circumference. And when 
the dissolution of a plating layer is expanded even to the range which a sacrifice corrosion prevention operation of aluminum to a 
base steel plate does not attain to, the corrosion of a base steel plate is started, and rust is generated. 
[001 1] Moreover, under the environment where halogen ion like the usual atmosphere does not exist, the sacrifice corrosion 
prevention effect of aluminum plating layer over eye a stable hatchet and a base steel plate will not commit the passive state coat 
of duminum plating layer, but a base steel plate will be corroded through a pinhole. Therefore, in order to improve corrosion 
resistance, it is required to suppress generating of to make it the galvanic current between a plating layer and a base steel plate not 
arise and a pinhole. 

[0012] Furthermore, since it grows up by heating, in order it is weak, and to improve thermal resistance and processability, it is 
necessary to make it this alloy layer not produce an aluminum-Fe alloy layer. 

[0013] However, it is the 1st layer to a steel plate front face like the vacuum evaporationo double layer plating steel plate of this 
invention. Cr plating layer is formed, the aluminum-Cr system inclination alloy layer to which aluminum content became high 
gradually toward the front face is formed from an interface with the 1 st layer as the 2nd layer on it, and further, if aluminum 
plating layer is formed as the 3rd layer on this 2nd layer, corrosion resistance, thermal resistance, and processability will be 
improved as follows. 

[0014] (1) Although pitting occurs like the case of aluminum monolayer plating steel plate in layer [ 3rd ] aluminum plating layer 
under a salt damage corrosive environment, even if this pitting reaches the aluminum-Cr system inclination alloy layer of the 2nd 
layer, it dissolves and the 2nd layer does not boil the 2nd layer until the 3rd layer is dissolved preferentially and the 3rd layer 
disappears from the 2nd layer, since it is ** in [ layer / 3rd ] potential. 

[0015] (2) Even if pitting of the 3rd layer advances under a salt damage corrosive environment and the 2nd layer is exposed, since 
the galvanic current between the 3rd layer and the 2nd layer is small, the corrosion rate around a pitting portion is smaller than the 
case where a base steel plate is exposed with aluminum monolayer plating steel plate, and take a long time for the 3rd layer to 
disappear. 

[0016] (1) Under a salt damage corrosive environment, after the 3rd-layer disappearance, although the 2nd-layer corrosion is 
started, for a ************ reason, pitting does not generate [ potential ] the 2nd layer gradually in the depth direction, but 
corrosion advances in the form of a general corrosion. For this reason, a base steel plate has long time until it is not corroded until 
the 2nd layer disappears, but corrosion is started. 

[0017] (4) Under a salt damage corrosive environment, although a base steel plate is ** in [ layer / 1st ] potential in order that the 
3rd layer may demonstrate a ****-proof sacrifice corrosion prevention operation to a base steel plate even if the pinhole which 
reaches a base steel plate exists in the plating layer, it is not corroded. Moreover, since the exposed base steel plate is very small, 
the galvanic current of the local battery formed between the 3rd layer has a very small area, and the corrosion rate of the 3rd layer 
has it. [ very small ] 

[0018] (5) Under a salt damage corrosive environment, the 2nd layer and 3rd-layer corrosion is expanded, and since the corrosive 
organism [for example, aluminum (OH)3 etc.] of the 2nd layer and the 3rd layer confines the pinhole of the 1st layer even if the 
1 st-layer exposure becomes large even in the range which the 2nd layer and 3rd-layer sacrifice corrosion prevention operation 
does not attain to, the corrosion of a base steel plate is prevented. 

[0019] (6) Since the 2nd layer has the operation which embeds it even if a pinhole exists in the 1st layer, the exposure to the 
external environment of a base steel plate is suppressed, and the corrosion of a base steel plate is suppressed also under 
comparatively soft environment like [ in the usual atmosphere ]. 

[0020] (7) Even if it heats layer [ 1st ] Cr plating layer to an elevated temperature considerably, it does not form a base steel plate 
and an alloy layer, but it has the operation which suppresses that aluminum is spread in a base steel plate. 
[0021] in addition -- this invention -- plating - a steel plate - a three-tiered structure -- it is - things -- indispensable - 
requirements -- ** - carrying out **** -- although - plating - a layer structure - for example, - the upper layer - aluminum 

— a lower layer « Cr — two-layer — plating — a steel plate — ****-- the above-mentioned — (— one — ) (— three — ) — (— 

five --) - and - (— six --) an effect -- being small - or - or since it is not Moreover, since there is no plating layer which 
demonstrates a barrier effect like Cr plating layer as it is the thing of two-layer structure like the upper layer aluminum and a 
lower layer aluminum-Cr system inclination alloy, aluminum is spread in a base steel plate and there is no generation depressor 
effect of an aluminum-Fe alloy layer. 

[0022] The heat-resistant improvement effect by layer [ 1st ] Cr plating layer will be accepted if thickness is 0.05 micrometers or 
more. Moreover, although a corrosion-resistant improvement effect is so large that thickness is thick, if it is made not much thick, 
it will cause the fall of processability. 

[0023] For a ** reason, the aluminum-Cr system inclination alloy layer of the 2nd layer makes high small aluminum content by 
the side of the 3rd layer for the potential difference with the 3rd adjoining layer. Furthermore, in order to suppress generating of 
pitting in the inside of the 2nd layer, aluminum content is gradually made high toward the 3rd layer side from the 1 st layer side so 
that it may become ** from the 3rd layer side gradually toward the 1 st layer side. This is effective also to embedding the pinhole 
which exists in the 1st layer simultaneously. It is desirable to make aluminum content of the boundary section with the 3rd layer 
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70% or more for aluminum content of the boundary section with the 1st layer 30% or less in this invention. The 
corrosion-resistant improvement effect by this 2nd layer will be accepted if thickness is 0.05 micrometers or more. However, 
when it is made not much thick, processability as well as the case of the 1st layer falls, and there is a possibility of producing a 
crack at the time of a fabricating operation. 

[0024] Layer [ 3rd ] aluminum plating layer needs to set thickness to 0.5 micrometers or more, in order to improve corrosion 
resistance and thermal resistance regardless of thickness, although processability is good. 

[0025] As mentioned above, if thickness is thickened, since processability will fall, as a result the 1st layer and the 2nd layer will 
degrade the corrosion resistance after processing, as for the sum total of the thickness of the 1st layer and the 2nd layer, it is 
desirable to make it 70% or less of ratio of all thickness. Moreover, by less than 0.6 micrometers, corrosion resistance and the 
thermal resistance of the sum total thickness of all plating layers are inadequate, by 20 micrometers or more, in manufacture by 
vacuum evaporationo plating, steel plate temperature rises by the vacuum evaporationo heat of condensation in the case of 
vacuum evaporationo, and there is a possibility that the mechanical property of a steel plate may be spoiled in it, and elevation of 
a manufacturing cost becomes remarkable also in respect of cost. For this reason, as for the sum total thickness of all plating 
layers, it is desirable to make it 0.6 micrometers or more and less than 20 micrometers. 

[0026] The vacuum evaporationo double layer plating steel plate of this invention can be manufactured if it is performed as 
follows, first, one method - duality -- it is a method by simultaneous vacuum evaporationo That is, when having arranged Cr 
evaporation source to the close side in a vacuum tub, having arranged aluminum evaporation source to the appearance side and 
evaporating Cr and aluminum from each evaporation source, it is made for a part of Cr steams and aluminum steams to overlap in 
the advance position of a steel plate. If it does in this way, since Cr steam, an aluminum- Cr mixture steam, and aluminum steam 
exist from the close side of a steel plate, Cr, an aluminum-Cr alloy, and aluminum are galvanized one by one by plate leaping of a 
steel plate. As for the metallic-fumes style density distribution which carries out a deer and which is generated from each 
evaporation source, right above [ evaporation-source ] is the highest, since it becomes so gradually low that it separates 
horizontally to an evaporation source, in the 2nd-layer aluminum-Cr alloy plating, while a steel plate moves to aluminum 
evaporation source from Cr evaporation source, the aluminum-Cr alloy with which aluminum content becomes high gradually is 
galvanized, and it serves as an inclination alloy layer. In addition, a mask position, area, etc. of the shape of the distance of the size 
of the injection power to each evaporation source and a ratio, Cr evaporation source, the interval of aluminum evaporation source 
and an evaporation source, and a steel plate, a degree of vacuum, vacuum evaporationo time, and a steel plate front face adjust the 
thickness of all plating layers, the thickness ratio of each plating layer, and aluminum concentration gradient of an aluminum-Cr 
alloy layer. 

[0027] Moreover, another method is the method of carrying out the vacuum evaporationo of the aluminum and forming the 
aluminum-Cr alloy layer which is made to carry out thermal diffusion of the aluminum to Cr plating layer surface, and has 
aluminum concentration gradient between Cr plating layer and aluminum plating layer by steel plate temperature and the heat of 
condensation of aluminum steam, after forming layer [ 1st ] Cr plating layer by the vacuum deposition. Which methods, such as an 
electron beam, arc discharge, and sputtering, may be used for the vacuum evaporationo of Cr in these methods, and aluminum. 
[0028] 

[Example] The three-layer plating steel plate which formed each plating layer of a Cr/aluminum-Cr inclination alloy / aluminum 
one by one from the base steel plate side by the following vacuum deposition was manufactured. 
[0029] (1) the crucible made from a ceramic with which water-cooled copper Haas who put Cr into the close side of 
vacuum-deposition 1 vacuum chamber put aluminum into the appearance side is arranged, respectively, and a part of Cr steam 
and aluminum steam are mixed in the plate-leaping position of a steel strip - as the duality to which the interval of ****** Haas 
and the crucible made from ceramics was adjusted - after exhausting the vacuum chamber of a vacuum evaporation system to 
degree of vacuum 1x10-4 - lxl0-5Torr, plate leaping of the aluminum killed cold-rolled steel strip (0.6mm of board thickness) 
which carried out alkali electrolytic degreasing is carried out Making beam-like Ar ion collide with a steel strip by 5kV of 
acceleration voltage from an ion beam generator, removing impurities, such as an oxide on the front face of a steel strip, first, and 
activating a front face, next moving a steel strip with this degree of vacuum in that case, with the electron beam, it dissolved, Cr 
and aluminum were evaporated, and Cr, aluminum-Cr, and aluminum were deposited one by one. 

[0030] (2) The crucible made from a ceramic which put aluminum into the close side of vacuum-deposition 2 vacuum chamber 
with water-cooled copper Haas who put in Cr is arranged, respectively, set the aluminum killed cold-rolled steel strip (0.6mm of 
board thickness) which carried out alkali electrolytic degreasing to the vacuum chamber of vacuum ****** it enabled it to change 
to Cr vacuum evaporationo and aluminum vacuum evaporationo, and it is the same method as the case of a vacuum deposition 1 . 
While activating the steel plate front face, steel plate temperature was heated at 400 degrees C, and Cr was deposited by electron 
beam evaporation. Next, the vacuum evaporationo of the aluminum was carried out by electron beam evaporation, steel plate 
temperature was raised at 600 degrees C by the heat of condensation of vacuum evaporationo aluminum, and the aluminum-Cr 
alloying of the surface of Cr plating layer was carried out. 

[003 1] The next examination was performed to the three-layer plating steel plate manufactured by the above vacuum deposition, 
and the monolayer vacuum evaporationo plating steel plate of aluminum or Cr, Cr (lower layer) / aluminum (upper layer) double 
layer vacuum evaporationo plating steel plate and an Si9% content melting aluminum plating steel plate. 
[0032] (1) an adhesion-test plating side - an outside - carrying out - 180 degrees — ****— it bent, the cellophane tape was 
stuck and torn off in the bending section, and the existence of ablation of a plating layer was expressed as the following criteria 
O Ablation-less x of a plating layer Those of a plating layer with ablation. [0033] (2) Front [ processing ] corrosion resistance test 
JIS Z The salt spray test was performed according to 2371, and the following criteria estimated time until rust is generated. In 
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addition, the seal of an end face and the rear face was carried out to the test piece using the thing with a size of 70x1 50mm. 
O Don't cany out rust generating in 500 hours, but it is rust generating x in ** 200 - 500 hours. It is rust generating in less than 
200 hours. [0034] (3) The corrosion-resistance-test plating side after processing was carried out outside, cupping processing with 
a diameter [ of 41 .5mm ] and a depth of 25mm was performed, the same salt spray test as the corrosion test before processing was 
carried out, and the same criteria estimated the generating state of rust. 

[0035] (4) Pinhole-test J1S K The humidity cabinet test was performed for 1000 hours according to 2246, and the following 
criteria estimated the ratio of the rust generating area to a total examination area. In addition, the seal of an end face and the rear 
face was carried out to the test piece like the corrosion resistance test using the thing with a size of 70x1 50mm. 
O Less than 5% ** rust generating area 5 of rust generating area - 50%x 50% ** of rust generating area. [0036] (6) After 
carrying out the cycle examination which makes 1 cycle the heating-cooling test which carries out air cooling after 8-hour heating 
for 16 hours 3 times at 800 degrees C in the heat-resistance-test atmosphere, oxidization increase in quantity of the back before a 
cycle examination was measured, and the following criteria estimated. 

O Less than [ two or less oxidization increase-in-quantity 50 g/m** oxidization increase-in- quantity 50 g/m2 ** and 100 g/m2 ] x 

Oxidization increase-in-quantity 100 g/m2 **. [0037] Each test result is collectively shown in Table 1 and 2. 

[0038] 
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[0040] 

[Effect of the Invention] As mentioned above, the vacuum evaporationo double layer plating steel plate of this invention excels 
the conventional aluminum plating steel plate in corrosion resistance, thermal resistance, and processability. 
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